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Abstract The topical application of a mixture of sugar 
and povidone-iodine (PI) has been reported to accelerate 
the healing of cutaneous wounds and ulcers by promoting 
reepithelialization and granulation tissue formation, as well 
as by having an anti-microbial effect. In order to clarify the 
efficacy of a 70% sugar and 3% PI paste (U-PASTA™)(SP) 
on infectious skin ulcers, we made a bacterial infection 
model using methicillin-resistant Staphylococcus aureus 
(MRSA) on the skin of diabetic dh/dh mice, and investi¬ 
gated the effect of the paste on the healing process of 
wounds. Full-thickness wounds were made on the backs of 
female diabetic mice, (C57BL/ksJ dh/dh) and inoculated 
with S. aureus. SP was applied to the closed wounds for 8 
days. The degree of repair was evaluated using three histo¬ 
logical parameters: The degree of reepithelialization was 
given a percentage value of 0-100%; the amount of granu- 


C.-M. Shi • H. Ogawa 
Department of Dermatology, 

Juntendo University School of Medicine, 

2-1-1 Hongo, Bunkyo-ku, Tokyo, Japan 

C.-M. Shi 

Shanghai Time Plastic Surgery Hospital, 

6/F No. 189 Pu’an RD, Shanghai, China 

H. Nakao 

Pharmacology Group, 

Fuji Research Laboratories Pharmaceutical Division, 
Kowa Company, Ltd., 332-1 Ohno-shinden, 

Fuji, Shizuoka, Japan 

M. Yamazaki • R. Tsuboi (El) 

Department of Dermatology, 

Tokyo Medical University, 6-7-1 Nishishinjuku, 
Shinjuku-ku, Tokyo 160-0023, Japan 
e-mail: tsuboi@tokyo-med.ac.jp 


lation tissue was quantified by measuring the area of granu- 
lation (mm ); and the number of capillary lumens in the 
granulation tissue was counted in the complete wound 
cross-section at lOOx magnification. In addition, the col¬ 
ony-forming units (CFU) of MRSA on the wounds were 
counted. Continuous MRSA infection in the wounds of dh/ 
dh mice was demonstrated with macroscopic and histopath- 
ological images. Wounding and infection caused by MRSA 
on the back of the diabetic mice significantly induced 
delayed reepithelialization, granulation tissue formation 
with inflammatory cell infiltrate and increased CFU on 
wounds (P<0.01, respectively) compared to those of the 
MRSA-infected normal mice. Application of SP signifi¬ 
cantly accelerated reepithelialization (P<0.01) and 
decreased CFU (P < 0.05) of the ulcers in the MRSA- 
infected wounds, compared to the non-treated group. Histo- 
pathological evaluation and CFU on this animal model 
revealed no significant difference between Methicilin-sensi- 
tive Staphylococcus aureus and MRSA infection. These 
results indicate that wounding on dh/dh mice provides a 
useful animal model of bacterial skin infections, and that 
SP is an effective topical agent for the treatment of diabetic 
skin ulcers. 
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Abbreviations 

PI Povidone-iodine 

SP A paste comprising 70% sugar and 3% PI 
MRSA Methicillin-resistant Staphylococcus aureus 
MSSA Methicilin-sensitive Staphylococcus aureus 
CFU Colony-forming units 
PBS Phosphate buffered saline 
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Introduction 

Various animal models of infected wounds have been 
reported in the past, including those using mice [23], rats 
[12, 24] and pigs [6]. The speed of wound healing and the 
anti-bacterial function of normal animals are generally 
excellent, so that most of the observation periods for 
reported models were only 10 days or less. The wounds in 
such models were merely transient traumatic ulcers with 
only a superficial presence of bacteria, but not a stable 
infection. We cannot evaluate the anti-bacterial effect of 
topical agents in vivo unless we adopt animal models, 
which actually have some form of chronic bacterial infec¬ 
tion. Although the precise interactions of the components 
comprising normal wound healing are not understood, a 
number of conditions such as immunodeficiency, chemo¬ 
therapy, venous stasis, and diabetic ulcers result in delayed 
wound healing [8]. We reported an animal model using 
healing-impaired diabetic mice, which was a very useful 
tool for evaluating the wound healing effects of topical 
agents [26-28]. Since there were no appropriate animal 
models of chronically infected wounds, we prepared a 
methicillin-resistant Staphylococcus aureus (MRSA) 
infection model of the skin by utilizing diabetic db/dh 
mice. 

Povidone-iodine (PI), a compound of iodine and polyvi¬ 
nylpyrrolidone, is a common anti-microbial agent [16] and 
has been used as a surgical scrub or a skin cleanser in vari¬ 
ous forms. The use of PI as a topical healing-stimulatory 
agent was limited because of its toxicity [7] . In Europe and 
North America as well as Japan, Cadexomer-iodine is the 
commercially available ointment, which releases iodine 
slowly from beads of dextrin and epichlorhydrin. This prep¬ 
aration is an effective debridement and antiseptic agent for 
treating chronic exudative wounds [5, 9, 29], removing 
necrotic tissue, bacterial components and biofilm synthe¬ 
sized by bacteria [2, 3], and showing stimulation of epider¬ 
mal regeneration [15]. A liposomal hydrogel containing 3% 
PI, another commercially available topical reagent, suc¬ 
cessfully cleans the wound, and enhances wound closure 
[19]. Sugar and its related products from various natural 
sources have been used to promote wound healing [13]. 
Sugar promoted reepithelialization and granulation tissue 
formation in normal full-thickness wounds in rats [10]. 
Some of the mechanisms thought to underlie sugar-pro¬ 
moted wound healing are the osmotic effect, which prevents 
bacterial growth [1] and the acceleration of granulation tis¬ 
sue formation partly by the mechanical cleansing of 
necrotic tissue in wounds [11]. Knutson et al. [14] have 
reported in a clinical study that a compound consisting of 
70-80% sugar and PI solution remarkably enhanced heal¬ 
ing and reduced bacterial contamination in a wide variety 
of wounds, bums and ulcers. Similarly, topical application 


of the mixture of sugar and PI successfully treated diabetic 
and burn ulcers [4, 25]. A paste consisting of 70% sugar 
and 3% PI has been commercially available in Japan 
(U-PASTA™, Kowa company Ltd, Nagoya, Japan). It is 
reported that U-PASTA is clinically effective in promoting 
rapid healing of wounds and reducing bacterial contamina¬ 
tion [17, 18, 22]. U-PASTA also influenced the migration 
of keratinocytes and fibroblasts through the pharmaceutical 
effects of PI on these cells, while stimulating the increase of 
granulation tissues mainly through the effects of sugar 
in vitro [20]. 

In order to clarify the efficacy of a 70% sugar and 3% PI 
paste (U-PASTA) (SP) on the healing process in infectious 
skin ulcers, we prepared a bacterial infection model on the 
skin of diabetic db/db mice for use with the paste in combi¬ 
nation with MRSA representing several kinds of multidrug- 
resistant bacteria. 

Materials and methods 

Reagents 

A paste (SP) consisting of 70% sugar and 3% PI (US patent 
4844898, U-PASTA) manufactured by Kowa Company Ltd 
(Nagoya, Japan). SP was developed in answer to a need for 
a substance, which was chemically stable, physically 
homogeneous and spreadable, unlike a simple mixture of 
sugar and PI. SP contains a water soluble base including 
polyethylene glycol 400, glycerin and water, in addition to 
sugar and PI. 

Animals and wounding 

Wounding design and sampling for histological assessment 
were performed according to our previously reported meth¬ 
ods [26]. Lemale mutant diabetic mice (C57BL/ksJ db/db) 
and heterozygous control mice (C57BL/ksJ db /+), were 
purchased from Jackson Laboratory (Bar Harbor, ME, 
USA). All mice were housed individually and maintained 
on a standard laboratory diet and received water ad libitum. 
Mice at 8 weeks of age were anesthetized with sodium pen¬ 
tobarbital solution (25 mg/kg, injected intraperitoneally, 
Abbott Laboratories, North Chicago, IL, USA) and their 
dorsal hair was gently clipped. Two round, full-thickness 
wounds were prepared on the back of each mouse in the 
anterior-posterior direction using a punch biopsy instru¬ 
ment (3 mm diameter, Maruho Co., Osaka, Japan). The 
wounds applied with SP were covered with a sterilized 
transparent dressing (Cathereep, Nichiban Co., Tokyo, 
Japan), and the mice were sacrificed at day 13 by cervical 
dislocation. The wounds were excised and fixed in 10% 
buffered formalin solution. 
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Microorganism 

Methicillin-resistant Staphylococcus aureus (N315 PZR) 
and Methicilin-sensitive Staphylococcus aureus (MSSA) 
(N315 P) were kindly donated by Prof. Keiichi Hiramatsu, 
Department of Microbiology, Juntendo University School 
of Medicine. The stocks had been stored at — 70°C. A 
working stock culture was obtained by culture in an aliquot 
on 0.5% sheep blood agar and trypticase agar. One day 
before wounding, a single colony of MRSA or MSSA was 
taken from the stock plate with a sterile loop, inoculated 
into trypticase soy broth, and incubated for 24 h at 37°C. 
The culture was then centrifuged, and the supernatant was 
discarded. Then the bacterial pellet was resuspended in 
phosphate buffered saline (PBS) at a concentration of 
1 x 10 5 organisms per 30 pi. 

Inoculation of S. aureus to the animals and counting 
of colony-forming units 

Female mutant diabetic mice (C57BL/ksJ dh/db) at 8 weeks 
of age were anesthetized and their dorsal hair was gently 
clipped. Two round, full-thickness wounds 3 mm in diame¬ 
ter were prepared on the back of each mouse in the ante¬ 
rior-posterior direction as described previously. Each 
wound was covered with a sterilized transparent dressing 
(Cathereep, Nichiban Co.) and inoculated with 1 x 10 5 
MRSA (N315 PZR) or MSSA (N315 P) in 30 pi of PBS, or 
buffer alone, by injection into the wounds covered by Cath¬ 
ereep (Nichiban). The animals were sacrificed on day 8, 
day 13 or day 19. For the evaluation of the effect of SP on 
infected wounds, each 3 mm wound was inoculated with 
1 X 10 5 MRSA (N315 PZR) in 30 jxl of PBS, and covered 
with Cathereep (Nichiban) for 3 days. After the visual con¬ 
firmation of redness and pus on wounds, SP was applied 
four times every other day. The wounds treated with SP 
were covered with Cathereep, and the mice were sacrificed 
at day 13 by cervical dislocation. Bacterial cultures on the 
wounds were established and colony-forming units (CFU) 
were counted, then the histopathological specimens were 
prepared. In orderto count CFU, each infected wound sur¬ 
face was scrubbed carefully using a sterile swab, which was 
soaked in 1 ml of PBS. The solution was then diluted by the 
tenfold dilution method and cultured on 0.5% sheep blood 
agar and trypticase agar. All of the experiments were per¬ 
formed in a negatively pressurized animal house in filtered 
air at Kowa Research Institute. 

Histological evaluation 

After fixation overnight, the tissue was trimmed and cut 
through at the widest margin. The tissue was embedded in 
paraffin and sliced into 5-pm sections. The sections were 


made perpendicular to the anterior-posterior axis and to the 
surface of the wound. Three sections were placed on a 
slide, and stained with hematoxylin and eosin (HE). Some 
specimens of MRSA-infected wounds were observed with 
Gram staining, and the infection was confirmed. The sec¬ 
tion with the widest original wound margin was used for 
assessment. The parameters measured were degree of reepi- 
thelialization, area of granulation tissue and number of cap¬ 
illaries. Each of the parameters was graded numerically as 
described below. 

Reepithelialization 

The degree of reepithelialization was measured by a comput¬ 
erized morphometric analysis (IBAS-2000, Zeiss, Germany) 
and was given a percentage value, 0% being equivalent to 
no closure and 100% equivalent to complete wound 
closure. 

Area of granulation tissue 

The amount of granulation tissue was quantified by measur- 

r\ 

ing the area of granulation tissue (mm ) in the section per¬ 
pendicular to the surface of the wound. Granulation tissue 
was traced by computerized morphometric analysis (IBAS- 
2000 ). 

Capillary number 

The number of capillary lumens in the granulation tissue 
was counted in the complete wound cross-section at lOOx 
magnification. 

Statistical analysis 

The data obtained were compared with the results of other 
groups using the Student’s unpaired t-test. Results were 
expressed as mean values db standard error of means 
(SEM). 

Results 

MRSA infection to the diabetic mice delayed the wound 
healing 

Two round, full-thickness wounds 6 mm in diameter were 
prepared on the back of 20 female mutant diabetic mice 
(C57BL/ksJ db/db) and 20 heterozygous control mice 
(C57BL/ksJ db/+ ). Each wound on the ten mice in each 
group was covered and inoculated with 1 x 10 5 MRSA 
(N315 PZR) (Fig. Id) for 19 days. The non-inoculated 
wounds (Fig. la) were also covered with the dressing for 13 
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Fig. 1 Wounding and MRS A infection of C57BL/ksJ db/db mice. 
Two round, full-thickness wounds 3 mm diameter were prepared on 
the back of each C57BL/ksJ db/db mouse in the anterior-posterior 
direction, and infected by 1 x 10 5 MRSA (N315 PZR). a C57BL/ksJ 
db/db mice without MRSA infection at day 0. b C57BL/ksJ db/db mice 
without MRSA infection at day 13. c Histopathology of the wound in 

days because most of the non-infected wounds had reepi- 
thelialized by day 13. The animals were sacrificed on the 
last day. Histopathological specimens were prepared, and 
CFU on the wounds were counted. The non-treated wounds 
of diabetic mice had reepithelialized (Fig. lb, c), whereas 
the MRSA-infected wounds of diabetic mice were purulent 
(Fig. le, f). HE staining of the wounds of each group 
revealed delayed reepithelialization (Fig. If), inflammatory 
cell infiltration and edema (Fig. lg) due to MRSA infec¬ 
tion. Gram staining of MRSA-infected wounds showed 
numerous Gram positive cocci (Fig. lh). 

The course of reepithelialization and granulation tissue 
formation is shown in Fig. 2. The reepithelialization pro¬ 
cess of MRSA-infected wounds in diabetic mice (open cir¬ 
cle) was delayed compared to those of non-treated diabetic 
mice (open square), normal mice with infection (closed cir¬ 
cle) and normal mice without infection (closed square) 
(Fig. 2a). Granulation tissue formation was increased in 
MRSA-infected wounds of both diabetic mice (open circle) 
and normal mice (closed circle) compared to the non- 
treated wounds of diabetic mice (open square) and normal 
mice (closed square), respectively (Fig. 2b). According to 
the statistical analysis at day 13 (Fig. 3), reepithelialization 
in MRSA-infected db/db mice (Fig. 3a) was significantly 


panel “b” (HE staining), d C57BL/ksJ db/db mice with MRSA infec¬ 
tion at day 0. e C57BL/ksJ db/db mice with MRSA infection at day 19. 
f Histopathology of the wound in panel “e” (HE staining), g High mag¬ 
nification of panel “f ’ focusing on inflammatory infiltrate (HE stain¬ 
ing). h Gram staining of adjacent serial section of panel “F\ (c, f) Scale 
bars : 500 pm. (g, h) Scale bars : 100 pm 

decreased [22 ± 8% (n = 10) vs 99 ± 1% in = 1\P< 0.01], 

r\ 

while granulation tissue formation [2.9 ± 0.3 mm (n = 10) 
vs 1.5 zt 0.3 mm 2 (n = 7), P < 0.01, Fig. 3b] and CFU of 
MRSA [447 ± 42 (n = 10) vs 100 ±55 (n = 7), P < 0.01, 
Fig. 3c] were significantly increased compared to those of 
normal groups. 

Infection in an ulcer means that the inoculated bacteria 
have proliferated in the lesion, erythema, exudation and 
pustules can be observed macroscopically, numerous 
bacteria are cultured bacteriologically, and abscesses and 
bacterial components can be found in the ulcer histopatho- 
logically. We confirmed these factors macroscopically and 
histopathologically (Fig. 1), as well as confirming CFU 
(Fig. 3c). These results demonstrate the usefulness of this 
animal model of infectious skin ulcers. 

Effects of SP on the animal model of MRSA infection 

Two round, full-thickness wounds 3 mm in diameter were 
prepared on the back of ten female mutant diabetic mice, 
and inoculated with 1 x 10 5 MRSA (N315 PZR). After 
confirmation of MRSA infection on day 3, SP was applied 
to the ten wounds on each of the five animals four times 
every other day. For the control group, consisting also of 
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Fig. 2 The course of wound 
healing in reepithelialization and 
granulation tissue formation in 
diabetic and normal mice, a Re¬ 
epithelialization. b Granulation 
tissue formation. MRSA-infect- 
ed wounds of both diabetic mice 
{open circle ) and normal mice 
{closed circle ), and the untreated 
wounds of diabetic mice {open 
square ) and normal mice {closed 
square ) are shown in each panel 



Days 



0 5 10 15 20 

Days 


Fig. 3 Wound healing in dia¬ 
betic and normal mice with 
MRSA infection, a Reepithelial¬ 
ization. b Granulation tissue, c 
Organisms. Lane 1: C57BL/ksJ 
db/+ mice, n-1. Lane 2: 
C57BL/ksJ db/db mice, n- 10. 
Data are expressed as the 
mean + SEM. **P < 0.01 
compared with the control 
group {lane 1) 




12 12 



1 2 


five animals, each with ten wounds, the transparent dress¬ 
ing (Cathereep) was changed every other day and no 
reagents were applied. Some of the animals died during the 
experiment because of problems due to anesthesia or sep¬ 
sis; others scratched and removed the dressings. We finally 
chose eight wounds treated with SP and five untreated 
wounds for evaluation. Bacterial cultures from the wounds 
were performed, and histopathological specimens were pre¬ 
pared. Then the four parameters, namely, degree of reepi¬ 
thelialization, area of granulation tissue, number of 
capillaries and CFU of MRSA, were measured or counted. 
The results (Fig. 4) showed that reepithelialization on 
wounds treated with SP had accelerated significantly 
[95 ± 5% {n = 8) vs 24 =b 19% (n = 5), P < 0.01, Fig. 4a] 
while CFU of MRSA on the wounds had decreased signifi¬ 
cantly [1.1 db 0.6(n = 8) vs 126 ± 42(n = 5), P < 0.05, 
Fig. 4d] compared with the non-treated group. Although 
there was no difference in granulation tissue area between 
the two groups, the granulation tissue of SP-treated wounds 
was compact whereas untreated tissue was edematous 


(Fig. 5). Application of SP decreased the number of capil¬ 
laries but only to a statistically insignificant degree 
(Fig. 4c). An image of typical tissue is shown in Fig. 5. The 
wounds treated with SP were closed and compact granula¬ 
tion tissue was evident, whereas infiltration of polymorpho¬ 
nuclear leukocytes, abscesses, thick encrustation and delay 
in reepithelialization were observed in the untreated 
wounds. 

Comparison of MSS A and MRSA infection on this model 

Two round, full-thickness wounds 3 mm in diameter were 
prepared on the back of female mutant diabetic mice, 
inoculated with 1 x 10 5 MRSA (N315 PZR) or MSS A 
(N315P), and covered with a sterilized transparent dressing 
(Cathereep) for 13 days. The animals were sacrificed on the 
last day. Histopathological specimens were prepared, and 
CFU on the wounds were counted. 

The results indicated that reepithelialization of MSSA- 
and MRSA-infected wounds had decreased significantly 
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Fig. 4 Effects of SP on the ani¬ 
mal model of MRS A infection, a 
Reepithelialization. b Granula¬ 
tion tissue, c Capillary number, 
d CFU of MRS A. Lane 1 : no 
treatment, n = 8. Lane 2: SP, 
n = 5. Data are expressed as the 
mean + SEM. *P < 0.05 and 
**P < 0.01 compared with the 
control group (lane 1 ) 




12 12 



1 2 



1 2 



b 


Fig. 5 Histopathological images of wounds infected with MRSA 
with/without SP treatment, a Treated with SP. b Untreated (HE stain¬ 
ing, scale bar. 500 pm) 

[40 ±5% (n = 15) and 30 ± 7% (n = 14) vs 91 ± 5% 
(n = 10), P < 0.01, Fig. 6a], while granulation tissue forma- 

r\ 

tion had increased significantly [2.44 d= 0.31mm (n = 15) 


and 1.92 ±0.24% (n = 14) vs 0.57 ± 0.06% (n = 10), 
P < 0.01, Fig. 6b]. The number of colonies of these organ¬ 
isms had also increased significantly [263 ± 62 (n = 16) 
and 244 ±75 (n = 16) vs 0.14 ± 0.14 (n = 14), P < 0.01, 
Fig. 6C] compared with the non-treated group (lane 1 in 
each panel). The wounds infected with MSS A did not 
reveal any significant difference from those infected with 
MRSA in terms of the three parameters, namely, reepitheli¬ 
alization, granulation tissue formation and CFU (Fig. 6). 

Discussion 

In order to determine the anti-bacterial, as well as wound 
healing, effects of SP, we established a chronic infection 
model in the present study. Wounding and infection of 
MRSA on the back of diabetic mice (C57BL/ksJ db/db) 
induced continuous bacterial infection, inflamatory cell 
infiltration and delayed reepithelialization, which mimic 
chronic bacterial infections in human skin. Even when 
MRSA was inoculated on the wounds of normal mice, 
reepithelialization proceeded and the organisms were 
rejected (Figs. 2, 3). Histological evaluation of wound healing 


Fig. 6 Methicilin- sensitive 
Staphylococcus aureus and 
MRSA infection in animal mod¬ 
el. a Reepithelialization. b Gran¬ 
ulation tissue, c Numbers of 
organisms. Lane 1\ No treat¬ 
ment. Lane 2: MSS A infection. 
Lane 3: MRSA infection. Data 
are expressed as the 
mean + SEM. **P < 0.01 com¬ 
pared with the control group 
(lane 1) 
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and CFU of the wounds in this animal model revealed no 
significant difference between MSS A and MRS A infec¬ 
tions. This staphylococcal infection model should also 
prove useful in assessing the sensitivity of antibiotics 
against MRSA and MSSA in vivo. 

Although PI is a commonly used, effective anti-micro- 
bial agent [16], it has cytotoxic effects for fibroblasts and 
keratinocytes at a concentration of more than 1 mg/ml 
in vitro [20] . Cadexomer-iodine is a commercially avail¬ 
able ointment, which releases iodine slowly from beads of 
dextrin and epichlorhydrin, thereby reducing the cytotoxity 
of PI and providing effective debridement of necrotic tissue 
[5, 9, 29] and biofilm [2,3], and showing stimulation of epi¬ 
dermal regeneration [15]. A liposomal hydrogel containing 
3% PI, another commercially available topical reagent, suc¬ 
cessfully cleans the wound, contains the infection and may 
even down-modulate inflammation and enhance wound 
closure [19]. The topical application of the mixture of sugar 
and PI has been reported to be useful for promoting healing 
in various cutaneous wounds, including bums and chronic 
ulcers, in clinical trials [4, 14, 17, 18, 22, 25]. Application 
of the mixture of sugar and PI has been shown to be differ¬ 
ent from that of sugar alone in terms of its efficacy in heal¬ 
ing wounds. In our previous study with rabbits in vivo, we 
demonstrated that application of SP accelerated reepitheli- 
alization and increased the amount of granulation tissue and 
the number of capillaries significantly, whereas 70% sugar 
accelerated reepithelialization only [21]. On the other hand, 
by using db/db mice model in vivo, we demonstrated that 
the paste consisting of 70% sugar and the base did not sig¬ 
nificantly change any markers, including reepithelializaion, 
granulation tissue formation and capillary numbers, 
whereas SP significantly increased the amount of granula¬ 
tion tissue and capillary numbers in the wound compared to 
the no treatment group [21], suggesting that the base of SP 
had no effect on the same db/db mice model in the present 
study. In another previous report of an in vitro study, we 
demonstrated that SP and PI up-regulated intra- and extra¬ 
cellular urokinase-type plasminogen activator (u-PA) lev¬ 
els, transforming growth factor (TGF)-a production in 
keratinocytes, and the expression of extracellular matrix 
receptor integrins such as al, a2, a3, a4, a5 and /?1 in both 
keratinocytes and fibroblasts, whereas SP and sugar alone 
accelerated collagen synthesis in fibroblasts [20] . 

The mixture of sugar and PI is also thought to have an 
antimicrobial antibiotic effect, the sugar’s hygroscopic 
effect reducing edema in wounds, while simultaneously car¬ 
rying PI deep into the wound or ulcer, thereby eliminating 
deeper contamination [14]. In the present study with db/db 
mice, we demonstrated that the wounds infected with 
MRSA and treated with SP displayed good repair rates 
compared to those of non-treated mice in that reepithelial¬ 
ization was accelerated and CFU of MRSA was decreased. 


Invasive infections differ from wound contamination and 
colonization in that substantial amount of bacteria prolifer¬ 
ate in the lesion, and erythema, exudation and pustules can 
be observed macroscopically. Also, numerous bacteria are 
cultured bacteriologically, and abscesses and bacterial com¬ 
ponents can be found in the ulcer histopathologically. In the 
present study, we confirmed these factors macroscopically 
and histopathologically (Fig. 1), as well as confirming CFU 
(Fig. 3c). In our experiment, we scrubbed the surface of the 
infected wound with a sterile swab, and soaked the swab in 
PBS. The solution was then cultured, and CFU was 
counted. Homogenizing the tissue of each wound would 
render more accurate, quantitative results; as we needed 
more sample tissues to observe the histopathology, we cul¬ 
tured the wound surface only. Although counting CFU by 
scrubbing the wound with a swab is not an ideal quantita¬ 
tive method, it is useful in estimating the extent of infection 
semi-quantitatively. 

In conclusion, our animal model employing diabetic 
mice infected with MRSA or MSSA is a useful tool for 
investigating infectious skin ulcers. SP is also an effective 
topical agent for the treatment of diabetic ulcers with 
MRSA infection. 
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